Abstract -The objective of this work was to determine the nutritional value of different protein sources for "dourado" (Salminus brasiliensis). Thirty juveniles per group (33.51±1.4 g) were hand fed on a reference diet (70%) added of tested ingredients (30%) and chromium oxide III (0.1%). Apparent digestibility coefficients of the gross energy (ADC GE ), crude protein (ADC CP ) and amino acids of the tested ingredients were evaluated. Corn gluten meal yielded the best results for ADC GE and ADC CP (95.7 and 96.9%, respectively) amongst plant ingredients. Spray-dried blood meal yielded the best values of ADC GE and ADC CP amongst animal ingredients (94.1 and 96.3%, respectively). Wheat bran yielded poorest ADCs coefficients (77 for ADC GE and 88.2% for ADC CP ).
The growth of aquaculture industry, associated to the use of intensive production strategies, requires highquality ingredients to allow the formulation of diets of high nutritional value, economically viable and environmentally correct, aiming at maximizing fish production and minimizing environmental impact. As for any animal production, food comprises 40-60% of the operational costs in fish farming (Cheng et al., 2003) .
Some feedstuffs, considered excellent nutrients sources based on their chemical composition, can otherwise be of little biological value, hence they can not be well digested and absorbed by animals. Therefore, the determination of digestibility coefficients of feed ingredients provides a more precise evaluation of their value as energy and protein sources in the formulation of balanced fish feeds (Furuya et al., 2001 ).
Dietary protein sources differ regarding their nutritional and biological values. The biological value of a protein varies with its composition in amino acids and digestibility. Deficiency or low availability of a single essential amino acid in a given protein source limits its use in animal diets and reduces animals' growth (Anderson et al., 1995) .
The "dourado", Salminus brasiliensis, a goldenyellow, carnivorous, diurnal, neotropical characiform species is the largest scale fish of the Plata Basin. Recent studies have been conducted on the species ecology (Esteves & Lôbo, 2001) , reproduction and hatchery (Mai & Zaniboni Filho, 2005; Vega-Orellana et al., 2006) , and farming . However, little is known about the biological value of food sources and protein and amino acid requirements of "dourado".
The objective of this work was to determine apparent digestibility coefficients of energy, protein and amino acids of feedstuffs ordinarily used in the formulation of diets for the "dourado".
The experiment was conducted at Laboratório de Nutrição de Peixes, Departamento de Zootecnia, Escola Superior de Agricultura Luiz de Queiroz, Piracicaba, SP, Brazil (22º42'S; 47º38'W; altitude 546 m). Groups of "dourado" juveniles (33.51±1.4 g; n = 30) were randomly distributed in 60 L, cylindrical plastic cages, housed in circular fiberglass tanks (1,000 L) with continuous water supply (8 L min -1 ) in closed, biological-filtered circulation system, with controlled temperature (25±2ºC) and photoperiod (12 light/dark hours). Water quality parameters -temperature (25±2ºC), dissolved oxygen (5.1 mg L -1 ) and pH (6.7±0.3) -were monitored daily and remained within the recommended range for tropical fish (Neill & Bryan, 1991) .
The experiment lasted 39 days. Fish were hand-fed to apparent satiety in four daily meals for seven days with the reference, fish meal-based diet (45.19% crude protein, 4,491 kcal kg -1 gross energy). After that, fish were fed to apparent satiety with test diets combining 70% of the reference diet (RD) and 30% of test different animal or plant ingredients, added of 0.1% chromium oxide III (Cr 2 O 3 ) as inert marker. Three-day intervals were observed before changing the test ingredients.
Percent composition and aminograms of the tested ingredients -fish meal (FM), meat and bone meal (MBM), spray-dried blood meal (S-DBM), poultry by-products meal (PBM), corn gluten meal (CGM), soybean meal (SBM), corn meal (CME) and wheat bran (WBR) -are presented in Table 1 . Ingredient particles were homogenized to 0.5 mm before mixing to the reference diet. After additions of soybean oil and water (20%), the different, combined feeds were granulated in 3 mm die matrix and dried in forced-air circulation oven (55ºC) for 24 hours.
One hour after the last daily meal, fish were transferred to cylindrical-conical aquariums, aerated with partial water exchange in the upper portion (Portz & Cyrino, 2004) . Three aquaria were used for each test diet, each containing 15 fish. At the end of each collection period, samples of feces were collected from each aquarium. Feces were collected overnight (6 pm to 6 am) by sedimentation in cooled containers (n = 3). Feces samples were combined for analysis. Table 1 . Percent composition and aminograms (1) of the test ingredients: fish meal (FM), meat and bone meal (MBM), spraydried blood meal (S-DBM), poultry by-products meal (PBM), corn gluten meal (CGM), soybean meal (SBM), corn meal (CME) and wheat bran (WBR). 
Contents
(1) Dry matter basis.
Collected fecal material was stored in freezer (-10ºC) for chemical analyses, according to Association of Official Analytical Chemists (1995). Digestibility coefficients (%) of dietary dry matter of reference, test diets and ingredients were calculated according to Lovell (1998) . Both RD and the test diet (TD) were consumed regularly by the fish all along the experimental period.
ADCs of energy of ingredients of animal origin were all higher than 90%, CGM stood out at 96%. ADC of energy of plant ingredients ranged between 77% (wheat bran) and 95% (corn gluten meal). Corn gluten meal yielded the highest absolute value of apparent digestible energy (ADE) (5,188 kcal kg -1 ), and CME, the smallest (3,214 kcal kg -1 ). ADC of protein of S-DBM (96%) and CGM (97%) stood above the mean ADC value concerning all protein sources (92%), contrasting with the MBM and WBR, which presented the lowest, and similar value of ADC of protein (88%) ( Table 2) .
ADC of protein reported by Portz & Cyrino (2004) for SBM (94.3%) and CGM (93.6%) relative to the largemouth bass Micropterus salmoides were similar to values of the present work; however, smaller ADCs were registered for FM (87.7%) and PBM (81.5%). ADCs of energy found for FM (78.3%), PBM (85.2%), SBM (75.4%), and CGM (76.5%) for largemouth bass were comparatively smaller than those of the "dourado".
The present work indicates that S-DBM and CGM are excellent protein sources for balanced carnivorous fish feeds. Still, restrictions regarding palatabilityattractiveness of feeds -and possible alteration of flesh coloration of fillet also have to be considered to define maximum inclusion levels of these feedstuffs as substitutes for FM in commercial aquafeeds formulations.
Little variation was observed for mean value of amino acids ADC between ingredients of animal origin, with prominence for S-DBM, which reached mean digestibility of 97.9%, a value only 6% superior to the average ADC of MBM amino acids (92%) ( Table 3 ). The mean ADC of amino acids was superior to 94%, that is, juvenile "dourado" presented a good digestive ability of amino acids. The highest values of amino acids ADC were registered for S-DBM (98.6%), except for isoleucin, which presented better ADC values (96.4%) when originated from PBM. In regard to plant ingredients, CGM presented the best amino acids ADC, 97.7% in average.
The smaller ADC was registered for WBR, 90.6% average. These data corroborate several reports, showing that WBR consistently present smaller ADCs of protein and energy in comparison to any other ordinarily used aquafeed ingredients. During the fecal collection period, aquaria in which fish received WBR, as tested ingredient, always presented greater volume of excrements in comparison to the other collecting structures. Similar observations were reported by Furuya et al. (2001) , who worked with tilapia, and attributed to the high crude fiber and nonstarch polysaccharides contents of WBR the higher amounts of fecal material observed for fish fed diets containing increasing levels of this feedstuff.
The smallest amino acids ADC among all tested ingredients was registered for cystine (91%). Alanine, cystine and glycine contents of FM (12.5; 6.5 and 42.9%, respectively) exceeded values ordinarily reported (Anderson et al., 1995) . However, lysine and methionine mean contents, for instance, were 27 and 26% smaller, respectively. Except for glycine (ADC = 7.2%), ADC of FM amino acids varied in average 2% (1.6% for lysine, for instance). Therefore, it will remain difficult to top or equal FM as the best ingredient for formulating and processing aquafeeds which adequately meet fish nutritional requirements. Formulation of balanced aquafeeds for carnivorous, neotropical characins, thus, demands considering both species protein requirements and the amino acid profiles of feedstuffs.
The results of the ADCs of energy and protein of the ingredients tested suggest all can be useful in the Table 2 . Apparent digestibility coefficients (ADC) values of energy and protein and digestible energy (DE) and digestible protein (DP) values of tested ingredients (dry matter basis): fish meal (FM), meat and bone meal (MBM), spray-dried blood meal (S-DBM), poultry by-products meal (PBM), corn gluten meal (CGM), soybean meal (SBM), corn meal (CME) and wheat bran (WBR). ----------formulation of diets for "dourado", with some restriction on corn meal and wheat bran, which presented lower coefficients. The use of specific amino acid digestibility coefficients might allow more accurate and economical feed formulation. Table 3 . Apparent digestibility coefficients values of the essential and non-essential amino acids (dry matter basis) on the ingredients: fish meal (FM), meat and bone meal (MBM), spray-dried blood meal (S-DBM), poultry by-products meal (PBM), corn gluten meal (CGM), soybean meal (SBM), corn meal (CME) and wheat bran (WBR). 
